Background: This prospective cohort study aimed to investigate single and additive effects of health behaviours for risk of future disability pension (DP) due to musculoskeletal diagnoses, DP due to mental diagnoses, DP due to circulatory system diagnoses or DP due to other diagnoses. A secondary aim was to evaluate the role of familial confounding in these associations. Methods: A sample of 31 206 Swedish twin individuals was followed from 1998-2003 to the end of 2008 via national registries for DP supplemented with additional baseline questionnaire data. Cox proportional hazard ratios (HRs) were estimated. Results: The single effect of moderate to heavy alcohol consumption was associated with decreased risk of DP irrespective of diagnosis group in analyses accounting for background and familial factors (HR 0.42-0.88). Low frequency of physical activity (HR 1.17-1.63) or being past or regular user of tobacco products (HR 1.38-3.49) predicted increased risk for DP in all diagnosis groups. Interactions between physical activity and alcohol or tobacco consumption were significant for DP due to musculoskeletal diagnoses and mental diagnoses. Conclusion: Health behaviours are important risk factors for DP irrespective of diagnosis groups. The effect of health behaviours is independent from familial effects (genetics and shared environment) pointing to a direct effect of health behaviours on DP, but education, body mass index, number and severity of diseases and marital status may confound the associations. The complex interrelationships between the health behaviours revealed by interactions suggest that prevention of future DP should attempt to influence these co-existent behaviours.
Introduction

D
isability pension (DP) is considered a public health problem. 1 DP is often the result of a long-lasting process and it may contain several interrelated factors, such as socioeconomic status and health, acting throughout the life span. [1] [2] [3] [4] Health behaviours including suboptimal diet, physical inactivity, tobacco use and excessive alcohol consumption are the leading causes of preventable diseases, 5, 6 and it has been proposed that even modest improvements in health behaviours could substantially influence the disease risk and subsequently also the risk for DP.
Vigorous physical activity with sufficient volume has been shown to decrease the risk of DP, 7 in line with another study showing that either being consistently sedentary or having increasing physical activity over 25 years could protect from DP. 8 In contrast, other health behaviours including alcohol or tobacco consumption displayed only a weak association with DP as did body mass index (BMI). 8 A recent study indicated that there was a joint effect of health behaviours (i.e. being non-smokers, occasional or frequent exercisers and having lower BMI than the sex-specific median) to decrease the risk for DP due to low back diagnoses. 9 Because health behaviours usually occur in combinations, 6, 10 and one wishes to clarify their interactions, the single and additive effects of health behaviours to predict DP need to be investigated. Obviously, the associations between health behaviours and DP also vary depending on diagnoses. [7] [8] [9] [11] [12] [13] [14] [15] Therefore, these kinds of studies are warranted, as one would anticipate that actions or interventions intended to prevent DP should differ according to the type of diagnoses.
Recent twin studies that have evaluated single and joint effects of health behaviours have also revealed that the associations between health behaviours and risk of DP may be confounded by familial factors [genetics and shared (childhood) environment].
8,9,11 DP [16] [17] [18] chronic conditions (i.e. rheumatoid arthritis, pain or mental disorders), [19] [20] [21] physical activity, 22 smoking 23 and alcohol consumption 24 display a moderate to strong genetic component, which means that familial factors should be accounted for.
Previous studies have rarely examined the interaction between health behaviours, including physical activity, smoking and alcohol consumption, as well as accounting for BMI on the risk of DP due to various diagnosis groups. This study investigated the single and additive effects of the health behaviours as predictors for DP taking familial confounding into account. Of particular focus was to investigate if the role of health behaviour differs depending on the diagnoses of DP: musculoskeletal diagnoses (MSD), mental diagnoses, circulatory system diagnoses or other diagnoses. Based on previous findings, 7-9,11-15 we hypothesized that low leisure-time physical activity, current or past smoking and either being an abstainer or using alcohol moderately are independent predictors of DP.
Methods
Data from a prospective twin cohort study were used. 25 Those twins who were <65 years old and had not retired (not on old-age or DP) at the time they participated in the telephone interview, SALT, for the Swedish Twin Registry, conducted between January 1998 and March 2003, 26 were included. The final sample consisted of 31 206 individuals born 1935-1958, including 12 167 complete twin pairs; 3241 monozygotic (MZ) twin pairs, 4450 dizygotic (DZ) same-sex twin pairs, 4476 DZ opposite-sex twin pairs, 118 twin pairs without known zygosity and 6636 individuals without a co-twin. Fifty-two per cent were women.
For DP, we used date of granted DP and diagnosis according to the International Classification of Diseases-10th revision obtained from the National Social Insurance Agency. DP diagnoses were categorized into DP diagnosis groups as MSD (International Classification of Diseases-10th revision rubrics M00-M99), mental diagnoses (F00-F99), circulatory system diagnoses (I00-I99) and other diagnoses (i.e. excluding MSD, mental and circulatory system diagnoses). Data collected from the individual were the time from the date of SALT until DP (main event), the age of 65, old-age retirement if that was before age 65, emigration (Statistics Sweden), date of death (the National Board of Health and Welfare) or until end of follow-up at 31 December 2008.
Information on health behaviours was available from the SALT. 26 Frequency of leisure-time physical activity was enquired with questions asking about physical activity during the past year. These were coded into three categories of physical activity: high (including response classes very much and a lot), moderate (quite a lot, not much and very little; the reference category) and low (hardly ever and almost never). 27 Use of tobacco products regardless of type was measured in four categories: never used (never tried, only tried; the reference category), occasional user, regular user and past user. 8 Alcohol consumption was based on self-reported quantities of beer, wine and spirits consumed with frequency. The daily consumption of alcohol was calculated from these values using the formula: GramsALC = (FrequencyDAY) (Centilitres) Â (10) (%alcohol) (GravityALC). 28 The daily consumption of alcohol was then grouped into four categories, i.e. abstainers, light, moderate and heavy users, according to the sex-specific criteria of the National Institute on Alcohol Abuse and Alcoholism. 29 A sum score for health behaviours was formulated to obtain the sum effect of health behaviours. For each health behaviour, a binary score was created using the median split, where the median was included in the category reflecting positive health behaviour. To obtain the sum score, the subjects received 1 point for each health behaviour if they had never used tobacco, had moderate or high leisure-time physical activity and were light consumers of alcohol; otherwise subjects received 0 points for each factor. The lifestyle sum score was assigned by summing the binary scores for each of the three health behaviours ranging from 0 (unhealthy behaviour) to 3 (very healthy behaviour).
Data on years of education and information on marital status coded as 'living with someone' vs. 'living alone' were obtained from Statistics Sweden at the time of SALT. Severity of diseases was gathered through responses 'yes' or 'no' to the question 'Do you have or have you had [then came a list of 53 health problems and conditions]?' The medical severity of health problems was evaluated and the conditions were rated for their degree of being 'life-threatening' according to the following three categories: 'very life-threatening', 'somewhat life-threatening' and 'not at all lifethreatening'. 30, 31 Then a variable number and severity of diseases was created. If a person had several conditions, the code for chronic conditions was combined to represent these combinations (such as 'Chronic conditions, both not at all life-threatening and somewhat life-threatening') and thus eight categories could be created. 8 BMI was calculated using self-reported weight and height information (kg/m 2 ), a factor known to possess significant and substantial between-measurement agreement. 32 BMI was used as continuous as a background factor, but for the purposes of the stratified analyses, it was categorized as suggested by World Health Organization standards 33 : underweight (<18.5), normal weight, (18.5-25) , overweight [25] [26] [27] [28] [29] [30] and obesity (>30). The study was approved by the Regional Ethical Review Board in Stockholm, Sweden (2007/524-31).
Statistical analysis
The Cox proportional hazards regression models were used to calculate hazard ratios with 95% confidence intervals for DP with follow-up time in days. As some health behaviours may be more closely related to one outcome (DP due to specific diagnosis group) but less to another, different strategies for censoring were tested. Hence we excluded those competing DP diagnosis groups from the data while evaluating the effects for each DP diagnosis group of interest (i.e. MSD, mental, circulatory system and other diagnoses). There were no differences in the results (tables 2-4, and data for DP due to other diagnoses not shown) between the strategies; hence, the results from analysis censoring for all diagnosis groups in the evaluations were used. All analyses of the whole cohort were ageadjusted, and clustered on twin-pair identity to account for the sampled twin pairs rather than independent individuals. To account for potential sex differences, the analyses of the whole cohort were analysed by stratification with sex to provide men and women with their own baseline hazards. While analysing the single (separate) effect of a health behaviour, we adjusted the models for education to account for occupational and socioeconomic status, BMI, marital status to account for family situation and the number and severity of diseases to control for the potential effect of other chronic diseases on health behaviours. For each health behaviour, we ran models adjusted for other health behaviours to elucidate the independent effects of health behaviours, and additionally also full models adjusted for all background factors and health behaviours. Because there were no major differences in the results, we decided to present the results for the model that adjusted for all these confounders at the same time, i.e. the full models. The categories of health behaviour were evaluated by the graphical test observing that the 'log-log' curves were parallel, and the proportional hazards assumption was confirmed. To maximize the number of individuals in the analyses, the missing information (due to non-response to SALT items) was coded into a separate, dummy category. Through this procedure, those with missing data contributed to the variation in the analyses. The percentages of missing data were 2-5% in health behaviours, and there were as many men as women with missing data, although they were slightly older at baseline (56 years) than those with complete data (53 years).
To investigate the potential modifying effect of BMI on the associations between health behaviours and DP, we ran additional analyses that were stratified with the BMI categories.
To examine the independent effect of health behaviours, we added an interaction term between health behaviours, via a oneby-one interaction, and only one interaction term at the time was added to the models including the whole cohort. The statistical significance of the interaction term was tested by the log-likelihood ratio test.
Then we applied conditional Cox proportional hazard regression models using discordant twin pairs, i.e. one twin had been granted DP, whereas the other twin had not been granted DP during the follow-up. The follow-up time to DP was evaluated in relation to the follow-up time of the co-twin. In these analyses, only complete same-sex twin pairs of known zygosity were included. Familial confounding is evident in twin samples, as twin pairs reared together share both their genetic make-up (100% for MZ and, on average, 50% of their segregating genes in DZ twin pairs) and home and family environment. The potentially confounding familial factors could be controlled for by stratifying the sample by twin pair, which provided each twin pair with their own baseline hazard. If the association between the risk factor and DP is because of family background, the association should exist in the analyses of the whole cohort but not in the discordant twin pairs. However, if familial factors play a role, the association should be found within DZ twin pairs but not MZ pairs. Finally, if the association is found to be independent from familial effects (caused by non-familial environmental factors), the association should be found in all twin pairs. The number of discordant twin pairs was 208 MZ and 323 DZ for DP due to mental diagnoses, 95 MZ and 121 DZ for DP due to circulatory system diagnoses, 357 MZ and 565 DZ for DP due to MSD and 279 MZ and 430 DZ for DP due to other diagnoses.
All statistical analyses were performed with Stata. 34 
Results
The frequencies and percentages of health behaviours, BMI and number and severity of diseases are described in table 1.
In the full models, the single effect of alcohol consumption was significant on the risk of DP: moderate to heavy alcohol consumption was clearly associated with a decreased risk of DP (tables 2-4). Low frequency of physical activity predicted increased risk for DP, although this association seemed to be mediated through the effects of background factors for DP due to MSD and DP due to other diagnoses. Being a past or regular user of tobacco products was associated with an increased risk for DP (tables 2-4). The health behaviour score for additive effect of health behaviours revealed that unhealthy or moderately unhealthy behaviour seemed to be associated with the risk of DP, but the direction of the association varied depending on the diagnosis group for DP.
The interaction between health behaviours was significant in the models accounting for age and sex for DP due to MSD for alcohol consumption and physical activity (P < 0.001) and tobacco consumption and physical activity (P < 0.001). Alcohol consumption and physical activity also exerted a significant interaction in the prediction of DP due to mental diagnoses (P = 0.004). Those individuals with a high frequency of physical activity had the highest risk for DP due to MSD or mental diagnoses in all levels of alcohol consumption. Instead those with moderate to low frequency of physical activity exhibited a lower risk for DP due to MSD or mental diagnoses regardless of alcohol consumption. When the interaction term was entered into the full models, alcohol consumption and physical activity displayed a significant interaction (P = 0.021), as well as tobacco consumption and physical activity (P = 0.003) for DP due to MSD. For DP due to mental diagnoses, the interaction between alcohol and tobacco consumption remained significant (P = 0.003), and for DP due to circulatory system diagnoses, all of the studied interactions became significant (alcohol and tobacco consumption P < 0.001, alcohol consumption and physical activity P < 0.001, tobacco consumption and physical activity P < 0.001).
The stratified analyses with BMI categories had minor if any influence on the risk estimates in DP (data not shown).
Associations with DP confirmed in the discordant twin-pair analyses were single effect of alcohol consumption in direction that moderate to heavy consumption predicted decreased risk, and low frequency of physical activity, and past or regular use of tobacco products predicted increased risk for DP (tables 2-4).
Discussion
The comprehensive data of this prospective twin cohort with 31 206 individuals of 42-64 years of age at baseline were used to investigate the complex associations between health behaviours and DP. Although health behaviours have been investigated as predictors for DP, 3,7-9,11-15,35 it seems fair to assume that this may be one of the first studies to have investigated several different DP diagnosis groups to clarify the associations between single, independent and interaction effects of health behaviours. In line with previous reports, this study showed that single effects of moderate to heavy alcohol consumption predicted decreased risk, whereas low frequency of physical activity and past or regular user of tobacco products increased the risk of DP. 7, 12, 13, 15 The protective effect of moderate to heavy alcohol consumption in contrast to previous findings 8, 11, 14 may be related to the fact that previous studies have been limited to less detailed evaluation of consumption levels, 8, 14 or timing of alcohol consumption assessment. 35 Furthermore, our results indicated that the single effects were independent of familial confounding based on the comparison of the results of discordant twin pairs with the corresponding risk estimates from all twins (full model) being in agreement with previous publications. 8, 9, 11 In contrast, the combination score of health behaviours was not so clearly associated with the risk of DP, with its influence depending on the diagnosis group. Our health behaviour score was constructed to combine 'healthy behaviours' into one single category, and then those with less healthy behaviours into separate subcategories to detect an additive or a dose-response effect. The less clear associations of the health score with the risk of DP have been assumed to reflect the complex associations between health behaviours, although health behaviours usually occur in combinations. 6 Another way to shed some light on the complex associations between these health behaviours and DP was the attempt to test the interactions by examining not only independent effects, but also to stratify the analyses according to BMI categories. In general, these analyses may have suffered from low statistical power, hence warranting caution in their interpretation. However, there was a strong interaction between alcohol consumption and physical activity and between tobacco consumption and physical activity for DP due to MSD. A clear interaction was found only for alcohol consumption and physical activity in association with DP due to mental diagnoses. With respect to alcohol consumption, those individuals with a high physical activity frequency had the highest risk for DP, but no such clear-cut associations were detected for tobacco use. This suggests that although these individuals were physically active, the adverse effects of alcohol consumption remained, whereas those not so physically active had a lower risk for DP based on alcohol consumption levels. This complexity of associations between health behaviours and DP may be a factor meriting further elucidation, either at the metabolic level or as a part of health behaviour campaigns. The recent studies investigating health behaviours have been limited to dichotomous levels of behaviours or adjustment for health behaviours without assessment of between associations of health behaviours, but though indicating that associations with DP may be complex. 3, 14, 35 Because we had access to comprehensive background data, it is worth noting that accounting for background factors including BMI, number and severity of diseases, education, marital status or health behaviours had no influence on the single effects of health behaviour or on the interactions for DP, except for DP due to circulatory system diagnoses, then all of the studied interactions became significant. This supports the assumption that the health behaviours occur in combinations, but there are also modifying factors that may have influence on the associations between health behaviours and DP. Two recent reviews have also indicated that prevention of many non-communicable diseases can be achieved by exerting a simultaneous influence on several health behaviours. 36, 37 One could assume that this could hold true also for DP.
The prospective study design, the large and population-based cohort and the long follow-up of 10 years at maximum with no loss to follow-up are strengths of this study. Furthermore, this study had the possibility to control for familial confounding by using the discordant twin pairs, which is an inbuilt strength in its design because cases and controls are matched optimally, i.e. the two twins in a pair. The independence from familial effects, but also from other studied background factors, suggests that the single and additive effects of health behaviours on DP are rather direct. However, as always, this needs to be interpreted with caution because all putative factors could not be controlled for in this study. Thus factors such as occupation or change in health behaviours over time may have modified or weakened the observed associations in some unknown way. The effect of a stable or changed health behaviour between two time points 25 years apart has had similar association to DP, 8 as does occupation and other work-related factors. 9 Furthermore, generalizability of findings may be limited, as Sweden may differ from other countries in attitudes and culture of alcohol consumption and other health behaviours, but also in social security, although less from other Nordic countries.
Conclusions
Health behaviours are clear predictors for DP, the effect varies only slightly for different diagnosis groups. The effects of health behaviours are independent from familial effects. However, education, BMI, number and severity of diseases and marital status may confound these associations. Because there are complex interrelationships between health behaviours and DP, any actions or interventions aimed at prevention of DP should take into account the influence on co-existing health behaviours. 
